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1571 ABsTRAcr 
A centrifugal compressor (50) includes at least one pair 
of cylinders (Sa and 58) arranged in coaxial alignment 
and supported for angular displacement about a com- 
mon axis of sotation (84) normally bisecting a common 
longitudinal axis of symmetry for the cyliiders. The 
cylinders are characterized by ported closures (64 and 
66) located at the mutually remote ends thereof through 
which the cylinders are charged and discharged, and a 
pair of piston heads (68 and 70) seated within the cylin- 
ders and supported for floating displacement in com- 
pressive strokes in response to unidirectional angular 
displacement imparted to the cylinders. 
17 Claims, 9 Drawing Figures 
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30 remote ends of the cylinders, means supporting the pair 
of cylinders €or rotation about a common axis normally 
bisecting the longitudinal axis of symmetry, a pair of 
floating piston heads disposed within the cyliders and head iS retracted, and to discharge or expel the charge 
in response to an extension of the piston head as the 
piston head is extended relative to the cylinder in re- 35 means for 
sponse to rotation of the crankshaft. 
when employing reciprocating 
suppofied thereby for rectilinear displacement, drive 
angular displacement to the how 
ing, whereby the piston heads are forcedLoutwardly on 
fluid compressive strokes, and means for retracting the 
piston heads for imparting thereto fluid intake strokes, 
all as will become more readily apparent by reference to 
4o the following description and claims in light of the 
accompanying drawings- 
rate of working fluid, a re1 
combination is required. The resulting structure fre- 
quently requires a driving force of a substantial magni- 
tude which, in turn, necessitates a use of a heavy and 
rugged connecting rod, crankshafts and the like. The 45 
problem is further compounded where large reduction 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a fragmented, P d l Y  sectioned View of 
of the instant invention having a pair o 
ted configurations. 
sectional view taken generally along 
1, with the cylinders being rotated 
though approximately 300 of angular displacement 
relative to the position assumed in mG. #. 
FIG. 3 is a graphic view depicting the centrifugal 
forces developed for a specific compressor, illustrating 
structure. 
in order to alleviate the various problems aforemen- 
tioned. However, in WXt instances, the teCwqUes re- 
lied upon generally more than cornpro- 
mises and trade-offs. 9 improvements in cer- 
tain aspects of conventional compressors are achieved 55 utaty of the invention. 
only at the expense of other aspects. FIG. 4 is a cross sectional view illustratin 
embodiment of the 
is a simplified diagram of a d compressor through y, a reduction of weight use of which improved e 
and bulk, and increased reliability are realized. a cross sectional view of another 
ment of the invention. 
improved compressor. 65 
It is another object to provide an improved compres- 
sor having particular utility in combination with cryo- 
genic systems employed aboard spacecraft. 
b 
FIG. 7. 
taken along lines 8-8 of 
3 4 
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18 having defined therein an 
haust port 22. The port 20 is c 
fluid, such as a cryogenic fluid or the like, via intake 
conduits designated 24 and 26 communicating through 
a suitable coupling 28 and a terminal portion 29 of the 
conduit 26. As a practical matter, the terminal portion 
29 of the conduit 26 is concentrically related with an 
axis of rotation, designated A2, normally related to the 
axis Ai, and serves as one stub axel for the cyliiders 12a 
and 126. While the details of the coupling 28 form no 
part of the claimed invention, it is to be understood that 
the coupling 28 is disposed within an hermetically 
sealed housing having a bearing block, not designated, 
through which is extended the portion 29. Moreover, 
the coupliig 28 includes suitable intake or breather 
ports, or the like, arranged in a manner such that the 
conduit 24 is in continuous communication with the 
conduit 26, via the tenqinal portion 29 thereof, whereby 
12 and 12b continously communicate with 
normally encountered in transferring fluids there- 
are supported for rotation about the axis of rotation, 
heads 14a and 
46, FIG. 2, is provided for this purpose. Conseq 
mass and radius, where F=mRW2, F equals force, m 
As a practical matter, it 
al machinery theory that 
wn from basic 
celeration, DC motors have a capacity to function as 
4,449,894 
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generators. Therefore, the compressor 50 is pro s, for purposes of el& 
62. Seated for rectilinear reciprocation within the cylin- desired, this electrical energy, by the motor, 56 and 58 there is a pair Of piston the shaft of which decelerates, thus acting as a genera- he& 68 and 70, similar in tor, may & d, together with electrical energy from 
the piston heads and aforedescfibed. n e  Ports the external source, to &+ve the other motor, thus 
and to 
64 and 66 of the cylinder heads 60 and 62, r~pectively, 30 
are with a 729 via a tubular 
the manifold 72, in practice, includes a union block, not 
designated, adapted to receive the terminal portion 76 with the of motors and generators, 88 well as by 
and accommodate relative rotation thereof. It also is 35 those familiar with devi-, such as compressors, 
noted that the te-al Portion T6 of the conduit T4 require motors or the like for their operation. The prior 
through a sealed b-g 78 to connect with the art literature is replete with descriptions of such ar- 
manifold 72. Thus the terminal portion 76 of the conduit rangements, see, for example, pages 207-210 in the 
74 functions as a stub d e  for supporting One side ofthe bookentitled Direct Current Machinery by Koeffler et 
compressor unit 50 for rotation about an axis coincident 40 al., pqeW yo&, the M a d a n  ampany, 1949, and 
with the axis Of the stub axle formed by the ~~ pages 548-550 from the book Principles of Direct-Cur- 
portion 76 of the conduit 74. The manifold 72, in turn, rent Machinery by Alexander $. Langsdorf, McGraw- 
connects the terminal portioh 76 of the conduit 74 to a 
fluid inlet valve 80, and a discharge valve 82. Where SO From the foregoing, it should be appreciated that 
desk?, flapper V&W are employed for this P y  45 those familiar with the art of compressors of the type 
It 18 here noted that a shaft 84 IS extended 111 c o d  driven by motors easily implement the 
alignment with the te- portion 76 of the conduit 74 m t r o l  circuit 94 to altemtely drive each of motors 
and is integrally related to a rotary output shaft 86 for 520 and 523, e.g., 52a as a motor, and use the electrical 
the motor Jk In Practice, the shaft 84 is Supported by energy, provided by the non-driven motor, e.g., 52b, 
a suitable bearing 88 mounted within the hermetically 50 which acts as a generator, together with the energy 
sealed housing 54. While not shown, it is to be under- from the external source to drive motor 5 k  The fol- 
where so desired, a nipple is provided for lowing description of a simplified embodiment of con- 
ting the shaft 84 with the shaft 86, in a man- trol circuit 94 is presented for explanatory purposes 
ner similar to that in which the nipple 44 is employed in only, rather than to limit the invention thereto. 
connecting the shafts 29 and 42, aforementioned. Attention is now directed to FIG. 4A, wherein each 
It is also important to appreciate that each of the of the motors 520 and 523 is shown in greater detail. As 
pistons 68 and 70, at their innermost end faces, not des- is appreciated, each of these motors, which is assumed 
ignated, communicate with pressures established within to be a DC motor, includes an armature A and a field 
the housing 54, via passages 90 suitably formed in the winding F. As shown in FIG. 4A in the control circuit 
wall of the cylinders 56 and 58, in close proximity to the 60 94, its leads 94u and 94b, which are connected to the 
shaft 84. Additionally, it is to be understood that a suit- external DC voltage source, are also connected to the 
able pump, designated 92, is employed for purposes of motors' armatures A. Thus, the armatures are con- 
drawing-down a vacuum within the housing 54 and that nected in parallel. Each of the field windings F is con- 
the bearing race 78 comprises an hermetically sealed nected across a separate speed controlling rheostat R 
bearing in order to prevent passage of atmosphere 65 across the leads 94u and 94b. A clock drive 94c alter- 
therethrough. nately controls the two rheostats R. 
Additionally, a control circuit, designated 94, is pro- As is appreciated, when the field current through the 
vided and connected to the motors 520 and 523 through field winding F of a DC motor is increased, power is 
in a more eEcient system. 
The use of the electrical energy from a generator to 
sary to drive a motor, is well known by any one familiar 
conduit 74 having a te-aI podon 76. It is noted that drive to provide some of the electrical energy, neces- 
Book ampany, 1940. 
55 
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delivered into the lines, i.e., the motor acts as a genera- The embodiment 100 is s& in many respects to the 
tor. On the other hand, when the field current is de- various embodiments aforedescribed. 
creased, the generated voltage is reduced and power As shown in FIGS. 5 and 6, the embodiment therein 
flows into the motor, Le., the motor functions as a mo- illustrated includes a pair of cylinders 102 and 104 hav- 
tor, to provide mechanical energy in the form of shaft 5 ing ported cylinder heads 106, which include ports 106a 
rotation. In the present arrangement, the clock drive and 1066 connected through an intercommunicative 
94c drives the two Rheostats R, by increasing the resis- conduit 108 to a valved manifold 109. The cylinders are 
tance provided by one of these, thus decreasing the field defined in a housing 105 and are connected to a valved 
current therethrough, and by decreasing the resistance manifold 109, provided with flow control valves 110 
provided by the other rheostat, thus increasing the field 10 and 112, similar to the flow control valves 80 and 82 of 
current therethrough. For example, to drive motor 52a the valved manifold 72. It is to be understood that the 
as a motor, the resistance of its associated rheostat is flow control valve 110 is connected with a source of 
increased by 9 4 ~  thus its field current decreases and it fluid and accommodates passage of the fluid from the 
functions as a motor. At the same time, clock drive 94c source into the conduit 108, ultimately to be delivered 
decreases the resistance, provided by the rheostat R of 15 to the cylinders 102 and 104. Conversely, the flow con- 
motor 526. Thus, its field current increases and there- trol valve 112 is cowected to a flow discharge and 
fore motor 526 functions as a generator. Its voltageout- accommodates passage of fluid from the cylinders via 
put across its armature A is combined with the external the conduit 108. 
voltage to drive motor 52a To alternate the operation, The conduit 108, as shown, is provided with a termi- 
namely drive 526 as a motor and 52a as a generator, the 20 nal portion 114, similar in design and function to the 
resistances of the rheostats associated with them are terminal portion 76 of the conduit 74. The terminal 
decreased and increased respectively. postion 114 is concentrically related with an axis of 
Again, it should be stressed that the implementation rotation bisecting the longitudinal axis of symmetry, not 
of the control circuit 94 as shown in FIG. 4A is for designated, for the cylinders 102 and 104 and serves as 
explanatory purposes only, and it is not intended to l i t  25 a stub axle for supporting the cyliinders at one side 
the invention thereto. Those familiar with the art may thereof for angular displacement about the axis of rota- 
implement circuit 94 in different ways, without depart- tion. 
ing from the scope of the invention. Mounted on the housing which defines the enclosure 
It should again be stressed that the invention is di- 105 there is a motor 118. This motor comprises an elec- 
rected to the unique compressor and not the manner in 30 trically energizable motor having a rotary output shaft 
which electrical power is applied to its motor 5% and 120. To the terminal end portion of the shaft 120 there 
526, to drive them alternately through circuit 94. is fixed an eccentric, which for the sake of convenience 
Clearly, if desired, the two motors may be driven alter- is referred to as a flywheel, designated 122. In practice, 
nately during successive time periods by electrical en- the eccentric functions as a crankshaft rather than a 
ergy only from the external source. The electrical en- 35 flywheel in the true sense of the word, as will become 
ergy, available from the non-driven motor, with the apparent. The output shaft 120 also is extended through 
decelerating shaft, may be ignored. Also, it should be an annular bearing 124 affixed to the housing for cylin- 
clear that if desired, the novel compressor may com- ders 102 and 104, in coaxial alignment with the bearing 
prise only one-half of the arrangement shown in FIG. 4, 116. Consequently, it can be appreciated that the shaft 
e.g., the left half, with motor 52u. In such a case, it is 40 120 not only draws the flywheel 122 but serves as a stub 
clear that as long as the motor 5% is electrically driven, axle for supporting the cylinders for rotation about the 
centrifugal forces are applied to the pistons 68 and 70, axis thereof. 
thus forcing them outwardly. The pistons are free to Within the pair of Cylinders 102 and 102, there is 
move radially outwardly with respect to the axis of disposed a pair of piston heads 126u and 1266 adapted to 
rotation of the cylinders, and to remain in their radially 45 advance outwardly. It also should be noted that the 
outward positions under the force of centrifugul force piston head 1% is connected with the flywheel 122, via 
during a plurality of rotations of the cylinder when the a connecting rod 128a; while the piston head 1266 is 
motor continues to rapidly rotate the cylinders for a connected with the flywheel 122 via a connecting rod 
plurality of rotations. Then, when the supply of electri- 1286. In practice, the connecting rods 128a and 1286 are 
cal energy to the motor 52a is terminated, the shaft 84 50 connected through suitable wrist pins to the piston 
decelerates, thus reducing the centrifugal forces, heads 126a and 1266 and bearing pins, not designated, to 
thereby enabling the pistons to retract and thereby pro- the fly wheel 122, whereby rotation of the flywheel is 
ducing the in-take stroke. converted to linear motion imparted to the piston heads. 
At this juncture, it also is important to appreciate that Additionally, it is important to understand that the 
the spring 46, aforementioned, is omitted in the embodi- 55 connecting rods 128a and 1286 are of a length such that 
ment of FIG. 4, in view of the pressure differential they are “too long” to be positioned in coaxial align- 
operationally established across the piston heads 68 and ment with the piston to which they are connected. In 
70, via the passages 90, during each cycle of operation other words, the length of the connecting rods 1% and 
thereof. For example, it can be appreciated that the 1286 is such that the piston heads 126a and 1266 reach 
pressures confined within the hermetically sealed hous- 60 top dead center before axial alignment-of the connect- 
ing 54 remain below the pressures existing within the ing rods with the cylinders is achieved. Therefore, as 
conduits 74 so that the piston heads 68 are continuously rotary motion is imparted to the flywheel 122, in re- 
subjected to backpressure. Thus, the piston heads are sponse to the motor 118 being energized and caused to 
retracted as a consequence of a deceleration of the cyl- act thereon through the shaft 120, the housing 105 is 
inders 56 and 58, coupled with the pressure differential 65 caused to rotate and to gather momentum in a manner 
established thereacross. consistent with that of a conventional flywheel. 
Turning now to FIGS. 5 and 6, therein is illustrated a Of course, once the motor 18 is switched “off’, the 
further embodiment of the invention, designated 100. momentum acquired by the housing 105 causes the 
c 
9 
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housing to continue to rotate while the piston heads with. Hence, the housing 132 is driven in rotation in 
126a and 126b are restrained against concurrent rotation response to a driven rotation of the sun gear 158. 
by the motor 118 for thus causing the piston heads to It also is important to note that the output shaft 150 
retract relative to the cylinders 102 and 104. Therefore, extends to terminate in a crankshaft 164 and, of course, 
it thus becomes possible for the rates of rotation for the 5 serves to impart rotation thereto 
housing 105 and the flywheel 122 to have instantaneous the rotation i m p d  to the 
differences but e q d  average values whereby redpro- gear 1s. The 164 incldes suitable cra;nk 
d o n  is imparted to the piston heads. arms 166 which are connected to the piston heads 136u 
In operation, the motor 118 is energized for driving and 1xb thou& suitable connecting rods 168. prac- 
the f l m h d  122. As the flywheel 122 is responsively 10 tice, the connecting rods l a  are WnnecM with the 
driven in rotation, the piston heads 126a and 126b are crank Btms 166 via suitable pins, not desiet&, 
advanced outwardly toward the cylinder heads 106, to the piston heads 136a and 136b employing suit- 
until such time as the piston heads approach a top dead able -t pins, & not 
center position relative to the cylinders 104 and 106. Attention is kindly invited to the fact that the lens 
Rotating force now is transmitted from the shaft 120 to 15 of each of the connecting is such as to accom- 
for thus imparting andar momentum to the housing relative to the housing 132. In other words, the crank- 
lected rate of rotation, the motor 118 is switched “off *, the housing and the crankshaft may be driven in concur- whereupon the rate of rotation of the flywheel 122 lags, 20 rent but at different rates, and in common df relative to the rate of rotation of the housing 105, result- rections. 
ing from the angular momentum thereof* The In practice, the rates of rotation are constant so that 
neous differences in the rates Of for the constant stroking rate for the pistons is achieved. For 
124% and 126b to retract for thus charging the end por- 25 constant rate of 1800 rpm and the crankshaft is tions of the cylinders 104, via the valve 110. driven at a constant rate of 1700 rpm, in the same direc- 
piston heads are ford outwardly on tion as the housing, the difference in rates equals 100 
strokes for discharging fluid from the rpm which converts to 100 strokes per minute for the 
conduits 108 and angular again is imparted 3o pistons. The principal advantage here acheived is that 
the housing 105, Via the Connecting rods 12& and 128b, modate 360 degrees of rotation of the crankshaft 164 
lo5. AS the housing thus is to attain a s- shaft 164 and the housing 132 are so related that both 
122 and the housing 12’ causes the Pistons example, assuming that the housing 132 is driven at a 
Of course, once the motor 118 is again energized, the 
via the 
to the housing 105. This intermittent cyclic operation 
can be continued m desired with minimal compressive 
loading of the connecting rods due to the forces applied 
the stresses in the reciprocating members may be re- 
duced considerably Simply by Choosing suitable operat- 
ing speeds for a given set of operating Pressures. 
to the piston heads in response to rotary motion of the In operation, the motor 148 is energized, whereupon 
housing 105. In other words, once momentum is im- 35 the drive shaft 150 acts on the housing 132 and the 
parted to the housing 105, compressive loading of the lM, concurrentlyv for simUltaneouslY im- 
connecting rods 128a and 128b is minimized. parting angular displacement thereto at constant but 
A further embodiment of the invention, herein desig- different rates. Thus, the piston heads are caused to 
nated 130, is illustrated in FIGS. 7 and 8. me further reciprocate in intake and compressive strokes at a con- 
embodiment 130 is, in many respects, similar to the 40 stant rate. Fluid k then introduced into and discharged 
embodiment shown in FIGS. 5 and 6. However, it is 
important to note that the embodiment 130 includes a In S u m m a r Y ,  by aCCO-ating rotation of the hOUS- 
rotary housing 132 having defined therein cylinders ing for the Pistons, for each Of the aforementioned em- 
and 134b within which is disposed piston heads bodiments, centrifugal forces are caused to act on the 
136a and 136b. The cylinders 134a and 134b communi- 45 Pistons and these for- are made available for PurpOw 
cate with a valved manifold 138 which is similar in Of compressing fluids within the cylinders. Shce large 
design and function to the valved manifold 109, through amounts Of kinetic energy Can be Stored in rotating 
a terminal portion 140 of a conduit 142. maws, it is possible, by rotating the compressors, to 
portion 140 are reduce the bulk and weight of component parts thereof 
similar to the conduit 108 and its terminal portion 114, 50 for thereby improving efficiency in the operation 
aforedescribed. Further, m e  the valved manifold 109, thereof. Moreover, the particular choice of configura- 
the valved manifold 138 includes flow control valves tion employed will, in practice, be dictated at least in 
144 and 146 adapted to function in a manner similar to part by the working pressure and flow rates desired for 
that in which the valves 110 and 112 are adapted to selected operations. 
function. Therefore, a detailed description of the mani- 55 What is claimed 
fold 109 is omitted in the interest of brevity. 1. A centrifugal compressor for periodically com- 
A motor 148 having an output shaft 150 is provided 
for driving the housing 132 in angular displacement, a cylinder supported for rotation about a fixed axis of 
about an axis of rotation coincident with the axes of the rotation which is transverse to the longitudinal axis 
terminal portion 140 of the conduit 142 and the output M) of the cylinder, said cylinder being supported in 
shaft 150. As a practical matter, coaxially aligned bear- fixed relation with said axis of rotation; 
ings 152 and 154 are concentrically related to the termi- means including a vent valve to supply fluid to the 
nal portion 140 and the shaft 150 and are provided for cylinder during an intake stroke and including an 
supporting the housing 132 for angular displacement. outlet valve to remove fluid from said cylinder 
during a compressing stroke; 
housing 132 there is provided a ring gear 156, while a a free-floating piston head seated in the cylider and 
sun gear 158 is affixed to the shaft 150. Planetary gears supported for rectilinear displacement along a path 
160 and 162 are provided in intermeshed relation there- normal to said axis of rotation; and 
the cylinders. 
The conduit 142 and the 
pressing a charge of fluid comprising: 
It is, at this juncture, important to note that within the 65 
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means for reciprocating said piston head within said 
cylinder including motion producing means for 
imparting an intake stroke to the head, and for 
imparting a compression stroke to the head, said 
motion producing means comprising selectively 
operable drive means connected in driving relation 
with the cylinder for imparting angular displace- 
ment to the cylinder. 
2. A centrifugal compressor as defined in claim 1 
wherein said motion producing means for imparting an 
intake stroke to said piston head includes means for 
urging the piston head toward said axis of rotation. 
3. A centrifugal compressor as defined in claim 2 
wherein said motion producing means for imparting an 
intake stroke to said piston head includes means for 
establishing a pressure differential across the piston 
head. 
4. A centrifugal compressor as defined in claim 3 
wherein said drive means for imparting angular dis- 
placement to the cylinder includes an electrically ener- 
gizable motor for imparting cyclic angular acceleration 
to said cylinder. 
5. A centrifugal compressor as defined in claim 3 
wherein said piston head includes a pair of opposed 
faces and said means for establishing a pressure differen- 
tial across said piston head includes means for simulta- 
neously subjecting the opposite faces of said piston head 
to pressures of different magnitudes. 
6. A centrifugal compressor as defined in claim 5 
wherein a first face of the pair of faces serves to force 
fluid from the cylinder against a first pressure, and a 
second face of the pair is continuously subjected to a 
second pressure of a value less than half of the first 
pressure. 
7. A centrifugal compressor as defined in claim 6 
wherein said cylinder is disposed in an hermetically 
sealed chamber maintained at a thud pressure having a 
value substantially equal to that of the second pressure 
and said cylinder defines an opening whereby the sec- 
ond face of said piston head is exposed to the second 
pressure in said chamber. 
8. A centrifugal compressor comprising: 
a first and second compressor unit, each unit being 
characterized by 
a pair of cylinders arranged in coaxial alignment and 
characterized by a pair of mutually remote ends 
and a pair of mutually spaced adjacent ends and a 
common longitudinal axis of symmetry extended 
between the remote ends of the pair of cylinders; 
means supporting said pair of cylinders for rotation 
about a common axis normally bisecting said longi- 
tudinal axis of symmetry and means defining 
ported closures for the mutually remote ends of the 
pair of cylinders; 
a pair of piston heads, each piston being disposed in 
one cylinder of said pair of cylinders and supported 
thereby for free-floating displacement along a li- 
ear path having an axis coincident with a segment 
of said longitudinal axis of symmetry; 
means for periodically forcing said piston heads to 
advance toward the ported closures of the cylin- 
ders for forcing fluid from the ported closures 
under a discharge pressure including a variable 
speed DC motor characterized by an armature and 
field windings and connected in driving relation 
with said pair of cylinders; 
means connected with the field windings for each 
motor for establishing therein a field current and 
12 
circuit means electrically interconnecting the mo- 
tors for switching the field current between the 
field windings of the motors for alternately acceler- 
ating and decelerating the armatures thereof, 
whereby each motor of the pair alternately func- 
tions as a motor and as a generator; and 
means for periodically retracting pistons along said 
path toward said axis of rotation including means 
for establishing a pressure differential across said 
piston head for each pair of piston heads. 
9. A centrifugal compressor as defined in claim 8 
wherein said means for establishing a pressure differen- 
tial across the piston heads includes means defining an 
hermetically sealed chamber confining said compressor 
15 and communicating with each of the cylinders and 
maintained at a pressure less than the discharge pres- 
sure. 
10. A centrifugal compressor for periodically com- 
pressing a charge of fluid comprising: 
a cylinder having opposite ends, said cylinder being 
supported for angular motion about an axis of rota- 
tion; 
valve means coupled at one end of the cylinder for 
introducing fluid into the.cylinder and for dis- 
charging fluid from the cylinder; 
a free-floating piston head having a pair of opposed 
faces seated in the cylinder and supported thereby 
for reciprocating displacement along a path that is 
transverse to said axis of rotation; and 
means imparting to said piston head an intake stroke 
including means for continuously subjecting the 
opposite faces of said piston to fluid pressures of 
different magnitudes for thereby causing said pis- 
ton head to retract relative to said one end for 
charging said cylinder through said valve means, 
and means for imparting to said piston head a dis- 
charge stroke including selectively operable drive 
means connected to said cylinder for imparting 
thereto angular displacement about said axis of 
rotation, whereby centrifugal force is applied to 
said piston head for causing the piston head to 
advance relative to said one end for forcing fluid 
from the cylinder through said valve means. 
11. A centrifugal compressor for compressing fluid, 
a cylinder having a longitudinal axis and rotatable 
about an axis of rotation; 
a fmt piston moveable within said cylinder in either a 
first direction along said longitudinal axis toward a 
radially inward position during an intake stroke or 
in a second direction, opposite said first direction 
and towards a radially outward position, during a 
compression stroke; 
fluid conduit means for providing a flow path for 
fluid into said cylinder during an intake stroke and, 
for providing a flow path for the fluid out of said 
cylinder during a compression stroke; 
first means for applying forces to said piston to urge 
it to move in said first direction, whereby fluid 
flows into said cylinder, representing the intake 
stroke; and 
energizable drive means for rapidly rotating said 
cylinder by a plurality of complete turns about said 
rotation axis for imparting centrifugal forces to said 
piston so that the piston moves in said second direc- 
tion to thereby force fluid out of said cylinder, 
representing said compression stroke, with said 
centrifugal forces decreasing upon the deenergiza- 
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13 14 
tion of said drive means, whereby when the forces a periodically energizable motor having a rotatable 
applied to said piston by said first means exceed shaft coupled to said cylinder to rotate it about said 
said centrifugal forces said piston moves in said axis of rotation to impart centrifugal forces to said 
first direction; pistons so that the pistons move in said radially 
said piston being free to move in said second direction 5 outward directions to thereby force fluid out of 
and remain in said radially outward position during said cylinder, representing said compression 
a plurality of rotations of said cylinder under the stroke, with said centrifugal forces decreasing 
force of said centrifugal forces. upon the deenergization of said motor, whereby 
12. A centrifugal compressor as defined in claim 11 when the forces applied to said pistons by said fmt 
move in said radially inward directions. odically energizable motor having a rotatable shaft 
wherein said e n e r m l e  drive means m m p k  a peri- 10 means exceed said Centrifugal forces said pistons 
defined in C h k  l3 
means include coupring means for in a preselect& direction, and means for coupling said cylinder to said shaft whereby the longitu- 
14- A entrif@ m m P r m r  
wherein said 
d a  axis of said cylinder is transverse to the shaws 
preselected direction. 
comprising: 
coupling said pistons to one another to retract them 
15 toward one another when the forces of said first means, 
applied to said pistons, exceed said centrifugal forces. 
wherin said coupling means comprises spring means. 
gitudinal axis; shaft and rods extendable therefrom and having ends 
first and second pistons moveable along said longitu- coupled to said pistons for said pistons to retract. 
dinal axis within said cylinder in either radially in 
tion, wherein they move toward each Other9 during 25 opposite faces, with the first faces of said pistons point- 
an intake stroke or in radially outward directions, ing toward one another and the second faces thereof 
opposite said first directions, during a COmPreSSiOn king exposed to the fluid in said cylinder which is at a 
stroke; first pressure value other than during a compression 
fluid conduit means for Providing a flow Path for stroke, and said first means include means for providing 
fluid into said cylinder during an intake stroke, and 30 a second pressure value in the cylinder space between 
for providing a flow path for the fluid out of said the first faca of said pistons, to prduce a pressure 
cylinder during a compression stroke; differential across each piston, sufficient to urge said 
first means for applying forces to said pistons to urge pistons to retract toward one another when the centrifu- 
them toward each other, whereby fluid flows into gal forces are less than a preselected value. 
13' A centrifugal for fluid 15. A centrifugal compressor as defined in claim 14 
a cylinder having a longitudinal axis and 16. A centrifugal compressor as defined in 14 
Of rotation peqendicualr to said 'On- 20 wherein said coupling means include a rotatable crank- an 
17. A centrifugal compressor as 
inward directions with respect t0 said axis Of rota- wherein each of said includes f i t  and second 
said cylinder, representing the intake stroke; and 35 * * " *  * * 
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